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1 Introduction 
Traffic emissions are considered as a major 
source of pollutants, particularly ultrafine 
particles, in the urban environment. There is an 
increased concern about airborne particles not 
only because of their environmental effects but 
also due to their potential adverse health effects 
on humans. There have been a number of studies 
related to the number concentration and size 
distribution of these particles but studies on the 
chemical composition of aerosols, especially in 
the school environment, are very limited. Mejia 
et. al (2011) reviewed studies on the exposure to 
and impact of air pollutants on school children 
and found that there were only a handful of 
studies on this topic. Therefore, the main focus 
of this research is on an analysis of the chemical 
composition of airborne particles, as well as 
source apportionment and the quantification of 
ambient concentrations of organic pollutants in 
the vicinity of schools, as a part of “Ultrafine 
Particles from Traffic Emissions on Children’s 
Health” (UPTECH) project. The aim of the 
present study was to find out the concentrations 
of different Volatile Organic Compounds 
(VOCs) in both outdoor and indoor locations 
from six different schools in Brisbane. 
2 Materials/Methods 
Out of the 25 different schools earmarked for 
the UPTECH project, the first six schools were 
selected and named as S1, S2, S3, S4, S5 & S6. 
The sampling was carried out in one outdoor 
location and one indoor location (i.e. a 
classroom) for each school on 4 working days. 
Each indoor environment was sampled under 
minimum ventilation conditions (i.e. with all 
doors and windows closed before and after 
school hours). Active sampling (150ml/min, 40 
mins) was performed using stainless steel 
desorption tubes (Perkin Elmer) filled with 
Tenax TA (coarse grained and fine grained), 
spiked with internal standards for the indoor 
measurement. To avoid artefacts (due to ozone 
or NOx for example), the tubes were filled with 
Carbotrap (20/40 mesh) when used for 
measurements at the outdoor site. Altogether 20 
outdoor samples and 10 indoor samples were 
collected from each school. All sampled tubes 
were sent to Fraunhofer WKI, Germany for 
analysis, where the sampling tubes were 
thermally desorbed with an auto desorption 
sampler (Perkin Elmer ATD 400) and the 
sampled gases were separated and quantified by 
GC/MS (Helwett-Packard 6890/5973). 
Compounds were identified using MS-Spectra 
libraries and the quantification was done using 
pure reference compound mixtures, since the 
tubes are spiked with standard substances. The 
limit of detection was approx. 1 µg/m³. The 
measurements were done according to DIN ISO 
16000 part 6.  
3 Results and Discussion 
 A total of 65 individual VOCs were identified 
in the 180 air samples collected at the six 
schools studied .The most common VOCs found 
in ≥80% of both indoor and outdoor samples 
included isopentane, 2- methyl pentane, 3- 
methyl pentane, toluene, heptane and 
methylcyclohexane. Compounds common in 
these schools and their frequency of occurrence 
are shown in Table 1. 
Table 1: Most common VOCs in the 6 schools 
(Percent occurrence in samples in parentheses) 






Isopentane Acetic acid m,p-xylene
2-methyl pentane 2-ethyl-1-hexanol isoprene 
3- methylpentane Ethylbenzene hexane 
Heptane benzaldehyde  
toulene n-nonanal  
methylcyclohexane n-hexanal  
 caprolactum  
 
Compounds such as acetic acid, 2- ethyl-1- 
hexanol, ethylbenzene, n-nonanal, 
benzaldehyde, n- hexanal and caprolactum were 
found in ≥50% of the indoor samples. Some 
compounds, such as styrene, benzaldehyde, 
longifolene, limonene, ethylhexanol, nonane, 
acetophenone and α pinene were detected in less 
than 25% of the environments. Many others 
compounds were below the detection limit (i.e. 1 
µg/m³). 
The indoor and outdoor concentrations for the 




Figure 1: Average sum of VOCs  
 
In schools S1, S2, S3 and S5, the outdoor 
concentrations of average VOC were higher 
than the indoor concentrations. Only S4 and S6 
had indoor concentrations higher than outdoor 
concentrations, as can be seen in Figure 1. 
The most prevalent compounds were found to be 
aromatic and aliphatic hydrocarbons. Aromatic 
hydrocarbons (benzene, toluene, ethylbenzene, 
xylenes) are ubiquitous, as they originate from 
sources such as combustion sources, paint, 
varnish, adhesives, gasoline, linolen and wall 
coating (Etkin, 1996, Health Canada, 1995). In 
this study, toluene, xylene and ethylbenzene 
were identified in the air samples. Aliphatic 
hydrocarbons, such as isopentane, 2- methyl 
pentane, 3- methyl pentane, hexane and 
heptanes were also found in most of the 
samples. The main possible sources of aliphatics 
were building materials, building products and 
equipment, and outdoor air (Etkin, 1996, Health 
Canada, 1995). The average sum of VOC 
concentration was found to be higher in outdoor 
locations for most of the schools, indicating that 
outdoor air might be the predominant source of 
indoor pollution at those sites and that there 
might be additional indoor sources in S4 & S6. 
4 Conclusions 
The study revealed the prevalence of a wide 
range of VOCs in the school environments 
investigated. Outdoor VOC concentrations were 
found to be higher than indoor concentrations in 
most of the schools, which could be attributed to 
emissions from vehicles, since there were no 
industrial sources near the schools. There may 
also be predominant indoor sources in some of 
the schools. Further expansion of the study is 
needed for source identification of pollutants in 
these microenvironments. 
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